The material selection for shoe soles is important as it determines the long-term performance of sports shoes, especially the performances of athletes' shoes with respect to comfort during walking, running and jumping. An effective approach is developed to establish a strong interface between the carbon nanotube and high-density polyethylene/ethylene propylene rubber matrix by introducing electron beam radiation to the nanocomposite as a crosslinking technique. This study focuses on the carbon nanotube variation in the polymer matrix of high-density polyethylene and ethylene propylene rubber. The mechanical properties of high-density polyethylene/ethylene propylene rubber-carbon nanotube nanocomposites with different carbon nanotube contents were investigated at 0.5, 1, 3 and 5 wt% of carbon nanotube content. The combinations of nanofillers and polymer matrix stimulate the performance of sports shoes soles since each of them exhibits superior properties. The aim of this article is to find the optimum carbon nanotube content over the mechanical properties of electron beam-irradiated high-density polyethylene/ethylene propylene rubber nanocomposite for shoe soles. These irradiated nanocomposites are melt blended before compression moulding of the specimens. The specimens were then irradiated under electron beams at 100 kGy. The irradiated nanocomposites were tested for their tensile, impact, hardness and wear properties. The morphology of the tensile failure fracture was analysed under a field emission scanning electron microscope. The addition of carbon nanotubes improved the mechanical properties of the samples for both unirradiated and irradiated nanocomposites; however, they dropped after 3 wt% of carbon nanotube content. The carbon nanotube content at 3 wt% was found to be the most effective in enhancing the mechanical properties, particularly wear in irradiated nanocomposite, due to the better crosslinking and carbon nanotube dispersion.
Introduction
The selection of sports shoes emphasizes a number of criteria, such as their light weight, flexibility and adequate grip, where these features offer comfort to athletes and also improve their performance in their sports. Using a suitable material for the shoe, especially its sole, gives advantage to the athletes in terms of satisfaction, health, ergonomics and biomechanics during training. The athlete's performance is related to the selection of sports shoes, whereby the properties of the shoe's sole have a tremendous effect on comfort during walking, running and jumping.
A blend of high-density polyethylene (HDPE) and ethylene propylene rubber (EPR) has been chosen as the material for the polymer-based matrix of the shoe soles due to their own excellent properties, which are important in the production of comfortable shoe soles. For instance, HDPE provides flexibility for the shoe's insole and outer sole and exhibits better impact resistance as well as manufacturability. 1 Meanwhile, EPR provides better gripping characteristics and is able to maintain optimum performance at high and low temperatures, thus contributing to the effectiveness of the shoe's sole. 2 The addition of nanofillers to the polymer matrix would also contribute significantly to the mechanical properties of the soles. Combinations of nanofillers and polymer matrix potentially stimulate the mechanical properties of nanocomposite as reported by Khalid et al. 3 and El Achaby and Qaiss. 4 Therefore, it is expected that HDPE/EPR-carbon nanotubes (CNTs) will meet the requirements for sports shoe applications. CNTs are a well-known nanofiller due to their excellent thermal, electrical and mechanical properties, especially in wear resistance. 5 Since the outer soles of sport shoes deal with impact and aggressive movements, the material is required to endure strenuous physical action. Hence, the high aspect ratio of CNTs could sufficiently bear the load from the matrix while sustaining their properties. 6, 7 The reinforcement of CNTs with HDPE matrix has been shown to improve the mechanical properties with an increase in CNT concentration where the load received by the polymer matrix is perfectly transferred to the nanofiller due to the high surface area of the CNTs. 8, 9 Even though the blending of HDPE with EPR is attractive due to the components' mutual chemical compatibility, physical crosslinking of HDPE/EPR polymer blend is necessary due to any immiscibility or incompatibility between the polymer matrix and the filler. 2, 10 There are various methods of crosslinking, which include physical and chemical crosslinking. Electron beam (EB) radiation is one physical crosslinking technique which is very attractive as it is simple, straightforward and pollution-free. 11 The manipulation of EB radiation could change the molecular structure, thus enhancing the mechanical properties of the materials. 11, 12 EB radiation is also an environmentally friendly process because no chemicals or chemical residue are produced as in chemical crosslinking techniques. 11, 13, 14 The most remarkable effect of EB radiation is the change in the material's molecular structure due to the EB itself, thus obtaining unique properties. The dose of EB radiation needs to be controlled so as to obtain the best results. For example, exposure to high doses above 100 kGy results in poor mechanical properties due to chain degradation. 15 The high surface area of CNTs tends to cause agglomeration. 3 Thus, it is expected that better dispersion of nanofillers in the rubber matrix could be obtained through surface modification via high-energy EB radiation. 3 Other researchers have explained that the importance of the filler surface EB treatment is that it may influence the mechanical properties of the composites. 16 As a result, EB radiation will improve the mechanical and dynamic mechanical properties of the matrix and fillers, thus providing one of the best materials for the outer soles of sports shoes. 14 In recent years, nanocomposites have attracted significant interests from over a thousand researchers due to their outstanding properties and their uses in a wide range of applications. Moreover, other industries have reported interest in shoe sole applications focusing on other materials, such as ethylene vinyl acetate (EVA); nanocomposite shoe soles have become the new development in sports shoe applications. 17, 18 This article reports on the fabrication of a new crosslinked nanocomposite based on HDPE/EPR filled with CNTs. This article also discusses the effects of CNT content and EB radiation on the mechanical and morphological properties of HDPE/EPR nanocomposites. Comparison of the mechanical properties of irradiated and unirradiated nanocomposites is also presented.
Experimental design
Materials HDPE with a melt flow index (MFI) of 3-6 g/min and density of 900 kg/cm 3 was supplied by Cementhai Chemicals Group, Thailand. EPR was supplied by Centre West Sdn. Bhd. (Malaysia) with 870 kg/cm 3 of density. FloTub 9000 Series multi-walled CNTs (MWCNTs) with an average diameter and length of 11 nm and 10 mm, respectively, with tap density of 0.04-0.1 g/cm 3 were used as filler material. CNTs were obtained from Innovative Pultrusion Sdn. Bhd., Malaysia, in powder form.
Preparation of HDPE/EPR blend
The polymer blend of HDPE and EPR was prepared with a ratio of 70 and 30 wt% in the internal mixer of a Haake Rheomix 310P at 135°C with a rotor speed of 100 r/min for 13 min. The formulations of HDPE/EPR are shown in Table 1 . EPR was first melted for 3 min for mastication of the rubber. Then, mixing was followed by the addition of HDPE for the remaining 10 min.
Polymer blend and nanofiller
The nanocomposites were first prepared by mixing the polymer blend (HDPE and EPR) with ratio of 70:30 and followed by the mixing with CNT at different concentrations of 0.5, 1, 3 and 5 wt%. The mixing was carried in the internal mixer of a Haake Rheomix 310P at 135°C with rotor speed of 100 r/min for 13 min. EPR was first melted for 3 min for mastication of the rubber and the mixing was followed by the addition of HDPE for 5 min. The remaining 5 min was then occupied by the mixing of CNT at different concentrations of 0.5, 1, 3 and 5 wt%. HDPE/EPR blends containing different loadings of CNT are summarized in Table 2 and were prepared using unirradiated and irradiated EB radiation techniques.
Compression moulding
The nanocomposite underwent compression moulding using an XH-406B Tablet Press machine at 135°C and 200 bar metric pressure. The nanocomposite was preheated for 5 min and was moulded for 3 min before being cooled under pressure to a room temperature of 25°C.
EB radiation
For the EB-irradiated specimens, all the samples were exposed under a high-energy EB using a 3.0 MeV Cockrof-Walton-type EB accelerator (model NHV EPS-3000) at 100 kGy. The radiation process was conducted at the Malaysian Nuclear Agency, Bangi. The acceleration energy, beam current, speed and dose rate were set at 3 MeV, 5 mA, 0.89 m/min and 50 kGy/pass, respectively.
Characterization techniques

Tensile test
Nanocomposite specimens with dimensions of 115 mm 3 19 mm 3 3 mm were subjected to a tensile test as per ASTM: D638-10 using the universal testing machine manufactured by Lloyd. The load cell was 10 kN, the crosshead speed 50 mm/min and gauge length 35 mm. An average of five samples was tested.
Impact test
Specimens with dimensions of 62 mm 3 12 mm 3 3 mm were subjected to an impact test with a 2.54-mm depth notch. Notched Izod impact tests, as specified by the ASTM: D256-10 standard, were applied using the Ceast 6545/000 model. Before the testing took place, each sample was immersed in liquid nitrogen for about 30 s. The energy absorbed by the specimen in the breaking process is known as the breaking energy (J/m). The averages of five samples were tested and the average was calculated.
Hardness test
Shore A hardness was measured using a TecLock (Japan) hand-held Shore A Durometer, in accordance with ASTM: D2240A-05. Three different locations were tested on the 9-mm-thick specimen and the average was calculated.
Wear test
Specimens with dimension of 40 mm 3 5 mm 3 3 mm were tested using a Toshiba Transistor Inverter VFS9-2007PM-WN. The wear test was carried out in accordance with ASTM: G99-05 and was undertaken at room temperature (25°C) with different testing times of 5, 10, 15 and 20 min. The applied load was 0.025 kN and the number of revolutions of the rotating disc was 87 r/min with the distance from the centre of the sample to the centre of the disc being 70 mm. The wear rate was calculated according to equations (1)-(4)
where DW is the weight loss of the specimen before and after wear test (g)
S D is the sliding distance (cm) 
where t is the sliding time (min). The sliding velocity is evaluated from the relationship
where D is the circular sliding diameter (cm) and N is the number of revolutions of the rotating disc (r/min).
X-ray diffraction analysis
The crystallinities of the CNT and nanocomposites were determined using a Shidmadzu XRD-6000. The analysis was conducted at the Japan Advanced Institute of Science and Technology, Nomi. The target material used was copper with an axis range of 2°-100°and rotation of 2°/min. The basal spacing d(001) reflection of the samples was calculated from Bragg's equation by monitoring the diffraction angle 2u from 2°to 100°.
Gel content analysis
The crosslinking degree of the unirradiated and irradiated samples was measured at the Malaysian Nuclear Agency by gel fraction measurements in accordance with the ASTM: D2765-11 procedure. The gel content of the samples was determined by boiling the nanocomposite samples in xylene for 24 h. The extracted samples were then dried under a fume hood for about 1 h and continuously dried to its constant weight for 16 h at 60°C . The gel content was calculated as the ratio of the weight of the dried sample after extraction to the initial weight of the sample before extraction. The results reported the average of three specimens. The gel content percentage of the crosslinked samples was calculated using the following formula
where W a is the weight of the sample after extraction and W b is the weight of the sample before extraction.
Field emission scanning electron microscopy
The tensile test specimens after fracture were goldcoated before being observed under a JEOLJSM 6700F field emission scanning electron microscope (FESEM). All the samples were measured after being sputter coated with gold to avoid electrostatic charging and poor image resolution.
Results and discussion
Tensile properties
Tensile strength and tensile modulus of the unirradiated and irradiated nanocomposites are shown in Figure 1 (a) and (b), respectively. A similar trend is found in tensile strength for both unirradiated and irradiated nanocomposites as observed in Figure 1 (a). The tensile strength increases as the CNT content is added, but drops at a particular CNT content. The effect of CNT content in the matrix shows that the addition of CNT content increased the tensile strength of the nanocomposite but it dropped after 3 wt%. The addition of CNT content brought significant tensile strength to the nanocomposites. 3, 4 This is verified by the greatest value obtained being up to 17.4 MPa with an increment of 49%, while unfilled nanofiller was only 11.7 MPa. Figure 1 shows that both unirradiated and irradiated nanocomposites with 3 wt% CNT content display the greater tensile strength compared to the matrix and other filled nanocomposites. Huge differences in tensile strength between unirradiated and irradiated nanocomposites can be seen in Figure 1(a) , even though similar graph patterns were obtained. As reported by Bokobza, 19 the tensile strength and tensile modulus increased as CNTs were added to the rubber matrix.
Other than the CNT effects, the physical crosslinking via EB radiation at 100 kGy also influenced the tensile strength of the nanocomposites. The presence of CNTs at 3 wt% with EB exposure on the nanocomposite amplified the tensile strength by 27% compared to unirradiated nanocomposite, which is only about 17%. This shows that physical crosslinking stimulated the distribution of CNT particles within the matrix, hence eliminating possible agglomeration 8, 20 An enhanced internal bonding between the HDPE/ EPR matrix and CNTs is expected to withstand the load applied before the nanocomposite fractures. 8, 9 The high CNT content attributes to the formation of CNT agglomeration causing a reduction in tensile strength at 5 wt% CNT for both unirradiated and irradiated nanocomposites. 21, 22 The trend of the tensile modulus was similar for both unirradiated and irradiated nanocomposites, as seen in Figure 1(b) . The incorporation of CNT into the matrix influenced the tensile modulus of the nanocomposites as well. 23 As shown in Figure 1(b) , the tensile modulus of irradiated nanocomposites showed an improvement in the tensile modulus as the CNT content was increased up to 5 wt%. However, unirradiated nanocomposites showed a slight drop in tensile modulus at 3 wt% CNT. The enhancement of the tensile modulus showed that the nanocomposites stiffened as the percentage of CNTs added to the matrix increased, due to the properties of the CNTs themselves. CNTs have a high elastic modulus and high surface area per unit volume that allows the load to transfer well throughout the nanocomposite, thus enhancing the tensile modulus. 8, 24 By further adding 5 wt% CNT content to both the unirradiated and irradiated nanocomposites, it was proven that the highest tensile moduli were 51% and 84%, respectively, before plastic deformation.
Strain at break
The strain at break for unirradiated and irradiated nanocomposites at different CNT loadings can be observed in Figure 2 . A similar trend is found in strain at break for both unirradiated and irradiated nanocomposites as observed in Figure 2 . Generally, the strain at break values increase as the CNT content is added but drops at a particular CNT content. The strain at break value indicates the ability of the nanocomposites to extend before fracture. The values of the strain at break for all the unirradiated and irradiated nanocomposites were between 307% and 673%. These values indicate the presence of CNT fillers at least strained three times the original length of nanocomposites. Meanwhile, the drop in strain at break after 1 wt% of CNT content may possibly be due to agglomeration of CNT in polymer matrix. However, improvement of strain at break after 1 wt% of CNT content for irradiated nanocomposites can be observed in Figure 2 . The EB radiation has contributed the enhancement of strain at break even at increase in CNT content. It was also observed that a linear relationship was achieved among the tensile modulus, tensile strength and the strain at break of the irradiated nanocomposites. Contradiction has been reported by Khalid et al. 3 and Zou et al. 16 where the relationship between both the tensile modulus and tensile strength with strain at break of CNT-reinforced matrix is inversely proportional. Bokobza 19 also found a linear relationship between tensile strength and strain at break, but the value decreased due to poor interfacial bonding between the filler and matrix as MWCNTs were added.
Stress-strain curve
The stress-strain curves of the unirradiated and irradiated nanocomposites are shown in Figure 3 (a) and (b). Both the unirradiated and irradiated nanocomposites show an uppermost value of tensile modulus at 3 wt% CNT. As shown in Figure 3 (a) and (b), different patterns were obtained for the stress-strain of unirradiated and irradiated nanocomposites. Stress-strain curves of unirradiated nanocomposites have a similar curve, as reported by Kanagaraj et al., 8 where the greatest necking appears before the nanocomposites continue drawing. Unlike stress-strain curves for irradiated nanocomposite, short necking indicates the occurrence of more crystallinity due to the exposure to radiation. 20 Crystallinity signifies an improvement in the mechanical properties due to the effect of filler and radiation. 25 This is supported by the tensile strength and modulus, as in Figure 1 . Nonetheless, both stressstrain curves show a typical pattern, where they experience an elastic region; reaching the upper yield point they draw through the neck and plastic regions where they reach the lower yield point, and then are drawn until the fracture. 8 Impact strength. The impact strength of all nanocomposites exhibited a similar pattern to tensile strength, as depicted in Figure 4 . It can be seen that the impact strength increases as CNT up to 3 wt% content is added and drops thereafter for both the unirradiated and irradiated nanocomposites. The presence of CNTs affected the HDPE/EPR matrix as a large difference was found in the impact strength between unfilled and filled CNTs, particularly the irradiated ones, by about 37%. It shows that besides having a better distribution of CNTs, the good impact strength properties, possessed by both HDPE and EPR themselves, contributed to the impact strength of the nanocomposites. 1, 26 As reported by Zou et al., 16 the sensitivity of the composite on the acute notch has caused decrease in impact strength after 3 wt%. EB radiation also had a significant effect on the impact strength of the nanocomposite where the impact strength was better at all CNT loadings when compared to unirradiated nanocomposites. The irradiated nanocomposite, for instance, displayed greater impact strength of 89 J/m at 3 wt% CNT when compared to unirradiated nanocomposite (65 J/m) with the same CNT content, thus showing a difference of 36%. It has been verified from research by Khalid et al. 3 that impact strength improved significantly when the natural composite nanocomposite was exposed to the increased EB radiation dose.
Hardness. Figure 5 shows the Shore A hardness of nanocomposites. It was observed that the hardness of irradiated nanocomposites increased as CNTs were added, but dropped after 3 wt%. The pattern of hardness of irradiated nanocomposites obtained had similar tensile strength and impact strength to the irradiated nanocomposites in Figures 1(b) and 4, respectively. The addition of CNT content to the HDPE/EPR matrix improved the hardness properties to about 7%. As reported by Xie et al., 27 the addition of CNTs to a polymer matrix of epoxy resin and polyvinyl alcohol (PVA) increased the hardness properties of the polymer composite by 3.5 and 1.6 times, respectively. However, the hardness distribution of the unirradiated nanocomposites fluctuated. This may be due to the absence of the physical crosslinking treatment of these nanocomposites; thus, the expected inconsistency occurred in the CNT distribution. It is also possible that the indenter might fall on the agglomerated CNT area or vice versa during the Shore A test. Apart from the presence of CNTs, EB also contributed to the hardness properties of the nanocomposites by accelerating the CNT particles to disperse throughout the polymer matrix. The radiation also induced crosslinking between the nanofiller and the matrix resulting in the formation of uniform nanofiller distribution, 3, 20 as shown in Figure 10 Wear test. The optimum CNT content was taken to be at 3 wt% for both the unirradiated and irradiated nanocomposites, as well as for the HDPE/EPR matrix. From this point onwards, discussions are based on these optimum parameters. Wear is defined as damage to a solid surface, normally relating to the progressive loss of material, due to relative motion between that surface and the contacting substance or substances. 28 The wear test was conducted to evaluate the wear rate of the nanocomposite in order to determine the durability of the sample in sports shoe sole applications.
The result displayed in Figure 6 shows a significant difference in wear rate between unfilled nanocomposite and nanocomposite filled with CNTs. The HDPE/EPR matrix shows the greater wear rate compared to HDPE/EPR-CNT nanocomposites as the time is increased. The greater wear rate somehow shows that the material exhibits poor durability. As CNTs were added respective to time, the wear rate was reduced which confirms that the presence of CNTs reduced the wear rate of the nanocomposite, as reported by Kanagaraj et al., 8 Bakshi et al. 9 and Po¨lla¨nen et al. 29 The CNT reinforcement of the polymer matrix has proven the excellent properties of CNTs, especially in wear resistance, in which the nanofiller reinforces the nanocomposite against abrasion and friction. 5 Apart from the effect of the presence of CNTs, EB radiation of the matrix and nanocomposite also showed better durability in that the wear rate was low over an increase in time. In particular, the wear rate of HDPE/EPR-CNT nanocomposite reduced by 2.5 times over 20 min compared to unirradiated nanocomposite. The crosslinking of nanocomposite by EB radiation led to better abrasion resistance. 3 Thus, irradiated nanocomposite is able to withstand possible aggressive movement in sports applications.
Gel content analysis. As shown in Figure 7 , there was a significant improvement in both HDPE/EPR matrix and HDPE/EPR-3 wt% CNT nanocomposite before and after the radiation. The matrix exhibited improvement before radiation by about 2% and 70% after radiation. Meanwhile, as for nanocomposite with 3 wt% CNT, the percentage of gel content before treatment was 4%, and it was enhanced after being irradiated to 54%. The better dispersion of nanofiller in the matrix and the exposure to EB may have contributed to the improvement in gel content formation. 15, 30 However, there were some contradictions and inconsistencies in the gel content fraction in the irradiated nanocomposite, as shown in Figure 7 . It was expected that as reported by Jamal et al. 26 and Shin et al., 31 with the presence of CNT and EB radiation, the formation of the gel content should further increase in comparison with unirradiated nanocomposite due to the presence of nanofiller and the introduction of EB. Khalid et al. 3 also reported that the gel fraction increases with an increase in CNT loading, whereby radiation on the nanocomposite has modified, physically and chemically, the interface between the CNTs and the matrix as well as inducing the formation of free radicals. On the contrary, higher gel content was obtained for the unfilled CNTs of the irradiated nanocomposite as compared to the filled CNTs of the irradiated nanocomposite with a difference of 16%. Apart from that, the relationship between gel content and tensile strength should be linear, as reported by Jamal et al., 26 since the induction of electrons facilitates the crosslinking reaction. Thus, it seems that the relationship between gel content in Figure 7 and tensile strength in Figure 1 is inversely proportional.
X-ray diffraction analysis. X-ray diffraction (XRD) was used to characterize the crystalline structures of pure CNT powder and HDPE/EPR-CNTs for both unirradiated and irradiated nanocomposites. By referring to Figure 8 (a) and (b), the amorphous region is represented by the broad scattered region, while the crystalline region gives a typical sharp diffraction peak pattern. The higher intensity of the peak indicates the higher crystallinity of the material. 30 As shown in Figure 8 (a), the diffraction peak of CNTs was at 26°, which is consistent with the value reported by other researchers in the range of 25°-30°. [32] [33] [34] [35] [36] As CNTs were added to the HDPE/EPR matrix, the peak shifted to a lower angle, similar to when CNTs were added to polycarbonate, as reported by Sharma et al. 33 The diffraction peak was significantly shifted towards lower angle and higher diffraction peak which suggested that the interaction between the CNT particles layer was decreased at the benefit of improving the surface interaction between CNT and polymer matrix. The peak for unirradiated HDPE/EPR-3 wt% CNTs visibly appeared with greater intensity, revealing that unirradiated nanocomposite had more crystallinity than irradiated HDPE/EPR-3 wt% CNTs at 9.30°and 9.32°, respectively. However, this finding contradicts the previous study conducted by Rama Sreekanth et al., 25 where they found higher crosslinking in HDPE and MWCNTs when exposed to radiation. According to Jamal et al., 26 crosslinking is the intermolecular bond formation of polymer chain and the degree of crosslinking of material influenced by the radiation dose. It can be affirmed that both former and latter have linear relationship. Free radicals are formed during EB radiation of polymer. The resulting free radicals may bond to the CNTs which result in an extremely strong interaction between matrix and CNTs. This strong matrix-filler interaction signifies the greater possibility of crystallinity of a material.
FESEM. The FESEM micrographs of the unirradiated and irradiated HDPE/EPR matrices and HDPE/EPR-3% CNT nanocomposite samples are presented in Figures 9 and 10 , from which it was observed that the surface area of the fracture failure resulted from the tensile test. The distribution of CNTs in the matrix can also be expected to be as in Figure 10(a) . Observation of the micrographs in Figure 9 of both the unirradiated and irradiated HDPE/EPR matrices showed ductile fractures. The ductile manner of the failure indicates that the matrix is capable of absorbing large amounts of energy, thus enabling it to endure stress prior to failure. The micrograph of the unirradiated HDPE/EPR matrix shows that it was more likely dangled than the irradiated ones. After radiation, it could be seen that the HDPE/EPR matrix in Figure 9 (b) displayed a uniaxial fracture direction indicating better mechanical properties than the unirradiated HDPE/EPR matrix. As for HDPE/EPR-3 wt% CNT nanocomposite, the distribution of CNTs can be visibly observed in Figure 10 (a), showing some agglomeration of the nanofiller. On the other hand, differences in the dispersion of CNTs after EB radiation are obvious in Figure 10 (b).
Conclusion
The experimental results showed that irradiated HDPE/EPR-CNTs with 3 wt% CNT content produced superior mechanical properties and potential for the outer soles of sports shoes. This was also proven by FESEM micrographs where there was no agglomeration of CNTs within the polymer matrix after radiation exposure, which influenced the mechanical properties of the irradiated HDPE/EPR-3 wt% CNTs. Radiation helps in dispersing the CNT fillers through the matrix. The ductile fracture failure of the HDPE/EPR indicates that the polymer matrix is able to endure more stress before it breaks, thus resulting in good mechanical properties. However, the result obtained for gel content and XRD analysis did not show a linear relationship for the mechanical properties. Despite this, the irradiated nanocomposite at 3 wt% CNT verified that the nanocomposite met the outer-sole requirements. The mechanical properties revealed that HDPE/EPR-CNT nanocomposite is believed to be the best material for shoe soles, as the HDPE has good flexibility, while the EPR can maintain optimum performance at high and low temperatures, as well as providing better gripping characteristics that suit the outer soles of sports shoes. Concerning the mechanical properties, irradiated nanocomposite with 3 wt% CNTs is compatible with shoe outer soles as it deals with violent movements, especially proven in wear resistance testing. Apart from the presence of CNTs, the efficiency of the EB radiation applied helps in improving the crosslinking of HDPE/ EPR-CNT nanocomposite. Hence, the development of a new EB irradiated HDPE/EPR-CNT nanocomposite material for shoe outer soles can be further developed and explored in the future by conducting various tests relevant to sports shoes. 
